The paper in hand is a review of research findings focusing on emission of GHG especially CO2 both in natural and manmade settings across topical peat swamp forests. Since the inception of Kyoto protocol there has been growing interest to maintain and restore C-Stocks at Ecosystem scale (Forest, Savanna, Grasslands, and Peatlands etc.). Therefore avoiding degradation and over exploitation of carbon reservoirs in unsustainable ways has been research focus of scientist across the world. In this paper we conclude the state of the art research by discussing the ecosystem processes contributing to Peatlands both as source and sinks of CO2, the debate of methodological issues pertaining to CO2 emission calculation i.e. distinguishing soil, root respiration, fire and decomposition emitted CO2 (being natural ecosystem functions) from carbon lost in drainage, subsidence, land use change (as manmade scenarios), differentiating C-loss from CO2 emission and finally discussing the opportunities and threats to Indonesian Peatlands being potential carbon pools i.e. the carbon dynamics in a land use change scenario from Peatlands to other land uses such as palm oil, rubber, acacia, rice etc. has been discussed across the country. The paper concludes by recommending soil and biomass carbon stock difference approach as proxy to be the most reliable and convenient method for GHG estimation.
Introduction
Globally, peatlands cover an area of 400 million hectare, which is equivalent to 3% of the Earth's land area. These ecosystems store a large fraction of terrestrial carbon, as much as 528 Pg (Pg ¼ 1 × 1015 g), or one-third of global soil carbon . Lowland peatlands in Southeast Asia cover 24.78 Million hectares (Mha), which is 56% of the tropical and 6% of the global peatland area (Jauhiainen., et al 2012) . Forested tropical peatlands in Southeast Asia store at least 42,000 Million metric tons (Mt) of soil carbon (Hooijer., et al 2010) . Tropical peatland forests are changing rapidly to meet the food demands of the growing population and economic development (Inubushi., et al 2007) . Their high peat carbon density, however, gives rise to the large regional peat carbon store of 68.5 Gt, equivalent to 77% of the tropical and 11% of the global carbon store.One-third of the carbon stored in peatlands (191 Pg) is located in the tropics,of which 60% is in Southeast Asia with an estimated area of 25 million hectare (Mha). The majority (84%) of Southeast Asian peatlands are found in Indonesia (around 21 Mha), whereas Malaysia harbors 2-2.5 Mha. Thailand has around 45,000 ha, and relatively small areas are found in Vietnam, Brunei, and the Philippines . Page., et al 2011 estimated tropical peatland area to be 439,238 km2 (~11% of global peatland area) of which 247,778 km2 (57%) is in Southeast Asia; volume of tropical peat as 1,756 Gm3 (~22-33% of global peat volume) with the highest share in Southeast Asia (77%).This new assessment reveals a larger tropical peatland carbon pool than past estimates, with a best estimate of 88.5 Gt (range 81.5-91.8 Gt) equal to 17-19% of the global peat carbon pool,of this, 68.5 Gt (77%) is in Southeast Asia. A single country, Indonesia, holds the largest share (57.4 Gt, 65%), followed by Malaysia (9.1 Gt, 10%) ( Page., et al 2011) .
Since 1990, 5.1 Mha of the total 15.5 Mha of peatland in Peninsular Malaysia and the islands of Borneo and Sumatra has been deforested, drained and burned while most of the remainder has been logged intensively. Their high peat carbon density, however, gives rise to the large regional peat carbon store of 68.5 Gt, equivalent to 77% of the tropical and 11% of the global carbon store (Jauhiainen., et al 2012) . The upcoming global mechanism for reducing emissions from deforestation and forest degradation in developing countries should include and prioritize tropical peatlands. Forested tropical peatlands in Southeast Asia are rapidly being converted into production systems by introducing perennial crops for lucrative agribusiness, such as oil-palm and pulpwood plantations, causing large greenhouse gas (GHG) emissions . Recent figures on net forest cover change rates of the world's tropical forest cover are used for the calculation of carbon fluxes in the global budget. By applying deforestation findings in the humid tropics, complemented by published deforestation figures in the dry tropics, to refereed data on biomass new estimates for global net emissions from land-use change in the tropics are 1.1 ± 0.3 Gt C yr _1 ; including emissions from conversion of forests (representing 71% of budget) and loss of soil carbon after deforestation (20%), emissions from forest degradation (4.4%), emissions from the 1997-1998 Indonesian exceptional fires (8.3%), and sinks from regrowth (-3.3%) (Achard., et al 2004) . Tropical peatlands store ~75 Pg carbon and have operated as long-term net carbon sinks throughout the Holocene. However, intensive land development is destabilizing these reservoirs, resulting in large carbon emissions to the atmosphere and loss of valuable low-latitude peatpaleorecords . These data are used to provide revised estimates for Indonesian and Malaysian forest soil carbon pools of 77 Gt and 15 Gt, respectively, and total forest carbon pools (biomass plus soil) of 97 Gt and 19 Gt. Peat carbon comprises 60% of the total soil carbon pool in Malaysia and 74% in Indonesia (Page., et al 2011) .
Out of the 27.1 Million hectares (Mha) of peatland in Southeast Asia, 12.9 Mha had been deforested and mostly drained by 2006 (Hooijer 2010) . By 2008 only 10% of the peatlands of Peninsular Malaysia, Borneo and Sumatra remained in an intact or slightly degraded condition (Jauhiainen., et al 2012) . During the period of 2000-2005, the deforestation rate in Indonesian peatlands was estimated around 0.1 Mha per annum. Adding to this, the area of peatlands burnt during the big fire in 1997 was 2.12 Mha .
Carbon dynamics in Peatlands
Carbon dynamics of tropical peatlands involve: the vegetation carbon dioxide (CO 2 ) fluxbalance between sequestration in photosynthesis (Liu., et al 2006) and emissions in plant respiration, CO 2 emissions from soil animals and microorganisms in aerobic peat decomposition processes, CO 2 and other C-gas losses in fires, fluvial exports of dissolved and particulate organic carbon (DOC and POC), and net methane (CH 4 ) emissions from microorganisms in anaerobic peat decomposition processes. Aerobic decomposition processes by methanotrophs may consume some or all produced CH 4 and convert it to CO 2 . In addition, nitrous oxide (N 2 O), a non-carbon greenhouse gas, is released as a result of soil nitrogen mineralization (Bhatia., et al 2004) . The quantities of CH 4 and N 2 O jointly involved in peat-atmosphere exchanges are small,however, and their effect on climate change processes is much less than concurrent CO 2 emissions (Jauhiainen., et al 2012) . A review of the literature on net ecosystem exchange, net primary productivity, carbon mineralization, methane emissions, and dissolved organic carbon dynamics indicates that peatlands can be both C sources and sinks. The temporal and spatial variability of fluxes is large, but a substantial portion of this variation can be explained by environmental and ecological variables (Blodau 2002) . Tropical peatland could be a source of greenhouse gases emission because it contains large amounts of soil carbon and nitrogen. However these emissions are strongly influenced by soil moisture conditions. (Inubushi., et al 2003) .
The Intergovernmental Panel on Climate Change Guidelines for GHG Inventory on Agriculture, Forestry, and Other Land Uses provide an adequate framework for emissions inventories in these ecosystems; however, specific emission factors are needed for more accurate and costeffective monitoring. The emissions are governed by complex biophysical processes, such as peat decomposition and compaction, nutrient availability, soil water content, and water table level, all of which are affected by management practices .
Increasing energy use, climate change, and carbon dioxide (CO 2 ) emissions from fossil fuels make switching to lowcarbon fuels a high priority. Biofuels are a potential low-carbon energy source, but whether biofuels offer carbon savings depends on how they are produced. Converting rainforests, peatlands, savannas, or grasslands to produce food crop-based biofuels in Brazil,Southeast Asia, and the United States creates a "biofuel carbon debt" by releasing 17 to 420 times more CO 2 than the annual greenhouse gas (GHG) reductions that these biofuels would provide by displacing fossil fuels. In contrast, biofuels made from waste biomass or from biomass grown on degraded and abandoned agricultural lands planted with perennials incur little or no carbon debt and can offer immediate and sustained GHG advantages (Fargione., et al 2008) .
Peatland conversion to Palm Oil and other industrial plantation
The main driver of tropical peatlands deforestation is the development of oil-palm and pulpwood plantations. Indonesia and Malaysia, which currently account for 85% of the world's supply ofcrude palm oil, aim at supplying Chinese, Indian, and European markets. If crude palm oil demand increases, there could be much more pressure on the forested land in the region (Shuit., et al 2009) .Murdiyarso.,et al 2010 estimated that total carbon loss from converting peat swamp forests into oil palm is 59.4 ±10.2 Mg of CO 2 per hectare per year during the first 25 y after land-use cover change, of which 61.6% arise from the peat. Of the total amount (1,486 ±183 Mg of CO 2 per hectare over 25 y), 25% are released immediately from landclearing fire. In order to maintain high palm-oil production, nitrogen inputs through fertilizer are needed and the magnitude of the resulting increased N 2 O emissions compared to CO 2 losses remains unclear.For example, in order to substitute 1% of fossil fuel use with biofuels for electricity production, Europe would consume the oil production of at least 2 Mha of oil-palm plantations.It is being estimated that converting a hectare of forest to palm-oil production yields net present values (NPV) of $3,835-$9,630 to land owners.The conversion is more profitable thanleaving the forests standing for carbon credits from voluntary markets of $614-$994 per hectare although belowground carbon in peatland is also considered. Unless post-2012 global climatepolicies create significant financial incentives to overcome the economic drivers of deforestation, reducing emissions from deforestation and forest degradation (REDD) will not be able to compete financially with factors that expand oil-palm agriculture .
The current use of South Asian palm oil as biofuel is far from climate neutral. Dependent on assumptions, losses of biogenic carbon associated with ecosystems, emission of CO 2 due to the use of fossil fuels and the anaerobic conversion of palm oil mill effluent currently correspond in South Asia with an emission of about 2.8-19.7 kg CO 2 equivalent per kg of palm oil. Using oil palm and palm oil processing wastes for the generation of energy and preventing further conversion of tropical forest into oil palm plantations by establishing new plantations on non-peaty degraded soils can, however, lead to large cuts in the emission of carbon-based greenhouse gases currently associated with the palm oil lifecycle (Reijnders., et al 2008) . The area of unmanaged secondary peat swamp forest has doubled to nearly a quarter of all peatlands and industrial plantations have expanded dramatically from 0.3 Mha to 2.3 Mha, an increase from 2 to 15% of the total peatland area. When deforestation of tropical peat swamp forest is not followed by managed economic use it becomes subject to fire, delayed vegetation recovery and rapid degradation resulting in transfer of large amounts of CO 2 to atmosphere and drainage water, implications of this high rate of land use change, and the increasing frequency and extent of fires, for losses of peat carbon have received increasing attention in recent years (Jauhiainen., et al 2012) .
Drainage associated CO 2 emission from degraded Peatland
Carbon dioxide (CO 2 ) emission caused by decomposition of drained peatlands is estimated between 355 Mt y −1 and 855 Mt y −1 in 2006 of which 82% came from Indonesia, largely Sumatra and Kalimantan. At a global scale, CO 2 emission from peatland drainage in Southeast Asia is contributing the equivalent of 1.3% to 3.1% of current global CO 2 emissions from the combustion of fossil fuel. If current peatland development and management practices continue, these emissions are predicted to continue for decades. This warrants inclusion of Correspondence to tropical peatland CO 2 emissions in global greenhouse gas emission calculations and climate mitigation policies.Hooijer., et al 2010 estimated that the carbon dioxide (CO 2 ) emissions resulting from drainage of lowland tropical peatland for agricultural and forestry development which dominates the perturbation of the carbon balance in the region (Hooijer., et al 2010) .
Net Ecosystem Exchange (GHG Fluxes) with Seasonal variation and Hydrology
Seasonal changes in the emission of carbon dioxide (CO 2 ), methane (CH 4 ) and nitrous oxide (N 2 O) investigated by Inubushi., et al 2003over a year at three sites (secondary forest, paddy field and upland field) in the tropical peatland in South Kalimantan, Indonesia shows the amount of these gases emitted from the fields varied widely according to the seasonal pattern of precipitation, especially methane emission rates were positively correlated with precipitation. Converting from secondary forest peatland to paddy field tended to increase annual emissions of CO 2 and CH 4 to the atmosphere (from 1.2 to 1.5 kg CO 2 -C m _2 y _1 and from 1.2 to 1.9 g CH 4 -C m _2 y _1 ), while changing landuse from secondary forest to upland tended to decrease these gases emissions (from 1.2 to 1.0 kg CO 2 -C m _2 y _1 and from 1.2 to 0.6 g CH4-C m _2 y _1 ) (Inubushi., et al 2003) . Peatland hydrology influences gas diffusion rates, redox status, nutrient availability and cycling and species composition and diversity; it drives carbon sequestration(see Fig. 1 ) and release processes, and is important for water resource management, flooding and stream water quality (Holden., et al 2005) .The hydrological zone and land-use on the emission of N 2 O, CH 4 and CO 2 are highly correlated, Temporal and annual emissions of these gases arre strongly affected by land-use and hydrological zone. , respectively (Hadi., et al 2005) . 
Knowledge gaps,Uncertainty and Methodological Issues in calculating Emissions from Peatland
There are two components in soil respiration, namely heterotrophic respiration of soil microorganisms and autotrophic respiration of roots and mycorrhizae (Rieley., et al 2008) . Only the former contributes to peat C loss, and the autotrophic component should never be considered to be negligible, especially in tree plantations. Models on total soil respiration will overestimate CO 2 emissions from peat decomposition .There are a variety of established methods for estimating the biomass in aboveground tree components, but biomass of root systems is difficult to measure in any forest ecosystem (Cairns., et al 1997) .The uncertainties of ecosystem carbon stocks of tropical wetlands and emissions from land cover change as well as their difficulties in measurement are well known and recognized, and limit the accuracy of large scale C stock and flux estimates (Warren., et al 2012) .
The increase in wood volume is again approached by calculating for example the average increase in stem diameter at breast height (DBH) (cm/yr) of a sufficient large sample of trees. Using DBH increase as a proxy for CO 2 removal from the atmosphere is only possible when thorough statistical analysis has revealed a good correlation between the parameters (Joosten., et al 2009) .
Given the problems cited above, a better approach for assessing peat carbon loss after land use change is the GainLoss method. This approach requires knowledge of the main carbon inputs (litterfall and root mortality) and the main outputs (soil heterotrophic respiration rates, loss associated with fires, methanogenesis, leaching, runoff and erosion). These flows are easier to estimate accurately and without bias than are changes in stocks.Soil respiration may be a useful indicator of peat carbon loss. However, the heterotrophic component must be estimated and losses have to be balanced against gains in order to evaluate how much carbon the peat is losing or sequestering (Comeau., et al 2013) . The balance between gains and losses before and after land use change must be compared in order to assess emissions and removals associated with land use change (Verchot., et al 2012) .
Despite their potential for large positive feedbacks to the climate system through sequestration and emission of greenhouse gases, peatlands are not explicitly included in global climate models and therefore in predictions of future climate change (Limpens., et al 2008) .Unfortunately, data on carbon losses from tropical peatland are confusing and contradictory.
Most studies have focused only on gaseous CO 2 and CH 4 emissions from the surface of peat and have not accounted for the contribution of CO 2 released in root respiration in the total emission measured. Methods used are poorly described and results are not strictly comparable. Measurements have not been made continuously throughout the day (day and night) or for long periods (weeks, months, years) (Jauhiainen., et al 2012) . For example, Melling., et al 2005 ab drew conclusions about the CO 2 and CH 4 fluxes at the surface of a drained peat swamp forest and oil palm and sago plantations on peat, based on means and standard errors of only three replicates at each site, measured between 10.00 and 13.00 hour on one day a month for a year. Uncertainty in predictions about carbon dynamics under changing environmental conditions arises from a number of knowledge gaps: (i) the understanding of how organic matter is mineralized and partitioned into carbon dioxide, methane, and dissolved organic carbon is insufficient; (ii) little is known about the consequences of long term and short-term disturbances, such as elevated carbon dioxide concentrations, nitrogen and sulfur deposition, fire, and droughts, on the individual components of the carbon cycle; (iii) models that capture the dynamic interaction of the processes and their controls have not been developed yet, with the notable exception of methane dynamics. (Blodau 2002) .
Estimation of soil carbon stocks in tropical wetlands requires costly laboratory analyses and suitable facilities, which are often lacking in developing nations where most tropical wetlands are found. The soil carbon density (gC cm ; Bd), can be used to estimate belowground carbon storage using Bd measurements only for peat soils where C content >40 %( Warren., et al 2012).Accurate inventory of tropical peatland is important in order to (a) determine the magnitude of the carbon pool; (b) estimate the scale of transfers of peat-derived greenhouse gases to the atmosphere resulting from land use change; and (c) support carbon emissions reduction policies (Page., et al 2011) .
Conclusion and Recommendations
Looking into the importance of Tropical Peat swamp forests and their carbon storage capacity it is inevitable to have peatlands included in Kyoto Protocol and have carbon sequestration projects based on peatlands. However, due to spatial and temporal heterogeneousity of carbon in peatlands, the carbon sequestration modelling and specifically Monitoring, reporting and verification of emission reduction is still needed to be resolved. For sustainable peatland management it is recommended that the land use suitability classification in such ecosystem must be prioritized and after understanding its appropriateness for ultimateutility the environmental consequences be anticipated and mitigated in time.
For a country like Indonesia where peat swamp ecosystems are widespread should be considered as the last option for agriculture and industrial plantation looking into its importance in global carbon cycle and worldwide climate change mitigation efforts. However where unescapable i.e. the dependence on revenue generation from plantation sector (say Palm oil),the approach adapted should be intensive and not extensive i.e. the existing plantation sites should be managed in a technologically advance environment with maximum returns; and further expansion in industrial plantation should be discouraged. To estimate the historical, current and future GHG emissions from such land use changes most easy and convenient methodologies should be practiced; one such approach is the soil and biomass carbon stock difference approach as proxy variable in a synchronic experiment. Furthermore for national level GHG inventory the peatlands should be mapped on the basis of depth to estimate soil carbon pool and for biomass carbon reliable satellite and airborne data should be used. To estimate subsidence, soil and biomass carbon losses permanent plots should be established to have precise measurements in future; however, in cases where historical data and real data is present for before and after land use change shall be given preference to estimate GHG emissions.
